INTRODUCTION
============

The knee is one of the most important weight-bearing joints and it is often subjected to trauma due to its location in the body.[@B01] ^,^ [@B02] Tibial plateau fractures occur often among knee fractures. The aim in the treatment of tibial plateau fractures is to obtain a stable, pain-free and fully functioning knee.[@B01] ^,^ [@B02] Despite the various treatment options available, either by external or internal methods, the treatment of comminuted tibial plateau fractures often yield to unsatisfactory results, related to prolonged immobilization and development of osteoarthritic changes.

In this study we present our clinical and radiological results and our surgical technique as a closed reduction, percutaneous cannulated screw fixation and hexapodal external fixator the treatment of tibial plateau fractures in three patients.

PATIENTS AND METHODS
====================

Between 2009 and 2010, the treatment of three male patients (mean age 47 years old; range 39 to 61 years) with comminuted tibial plateau fractures was performed under fluoroscopy control. Closed reduction was performed by using a Kirschner wire as a joystick and a periostal elevator. Then, the major fragments were fixed using a headless cannulated screw to obtain rigid fixation of the proximal tibial articular surface. The continuity of the stabilization between the articular surface and the tibial diaphysis was then obtained by application of a hexapodal external fixator (Smart Gotham, New Jersey, USA). ([Figure 1](#f01){ref-type="fig"}) None of the patients had any vascular or neural lesions at the time of admittance. One of the patients exhibited ipsilateral quadriceps atrophy related to a previous anterior cruciate ligament injury. The remaining two patients did not have any lower extremity alignment problems, nor intraarticular pathologies including meniscal tear, chondral lesion, or ligament injury. There was no surgical history of the knee, hip or ankle in any patient. All three patients sustained motor vehicle accidents, two were inside the vehicle, and one was hit by a vehicle. The classification of the patients fractures was done according to Schatzker classification.[@B03] Two of the patients were type 5, and the other was type 6. ([Figures 2](#f02){ref-type="fig"} and [3](#f03){ref-type="fig"}) The clinical results of our cases were evaluated according to the Knee Society Criteria.[@B04] Resnic and Niwoyama[@B05] criteria were used for radiological evaluation.

Figure 1Hexapodal external fixator.

Figure 2AP view of the knee of a 39 years old man showing compound intraarticular tibia fracture.

Figure 3Frontal CT image of the knee showing compound intraarticular tibia fracture.

Surgical Technique:
-------------------

The lower extremity was prepared sterile under epidural anesthesia combined with sedation. The fracture hematoma was aspirated and the joint was irrigated with arthroscopic trochar. Under fluoroscopic control, the fragments were reduced with help of a Kirschner ( K ) wire acting as a joystick and a periostal elevator. Once the joint line was anatomically repositioned, confirmed by fluoroscopic control, the fragments were fixed with two or three headless cannulated screws (Acumed, Oregon, USA), as needed. ([Figures 4](#f04){ref-type="fig"}and [5](#f05){ref-type="fig"}) After the joint line was stabilized, the external fixator system consisting of two rings was applied to complete the osteosynthesis. Two cross Schanz pins and one K wire were used to fix the proximal ring to the proximal tibia. ([Figures 6](#f06){ref-type="fig"} and [7](#f07){ref-type="fig"}) The two rings were connected using the six axis system. Four Schanz pins were used to fix the distal ring to the tibial shaft. ([Figure 8](#f08){ref-type="fig"}) A dynamic knee imaging with the fluoroscope was done on both the anteroposterior and lateral views. After it was stabilized, the surgical procedure was completed. All patients received epidural anaesthesia to enable early mobilization on the day of surgery. Continuous Passive Motion (CPM) was utilized as tolerated, and quadriceps isometric exercises were initiated. All patients walked the same day with two crutches without weight-bearing. Any residual deformity at the proximal tibia was corrected using a computer-assisted five-day correction program. The residual deformity was calculated on the postoperative anteroposterior and lateral X-rays. ([Figures 9](#f09){ref-type="fig"} and [10](#f10){ref-type="fig"}) Control X-rays were obtained on the fifth day postoperative. ([Figures 11](#f11){ref-type="fig"} and [12](#f12){ref-type="fig"}) The next control was performed at the 8-week follow-up visit, during which the posterior half of the proximal ring was removed to allow. The external fixator was removed at 10^th^ to 12^th^ postoperative week under sedation in the operative room. Then, all patients were allowed to put weight on the knee as tolerated. ([Figures 13](#f13){ref-type="fig"} and [14](#f14){ref-type="fig"})

Figure 4AP view of the knee which joint line was anatomically fixed with headless cannulated screws.

Figure 5Lateral view of the knee which joint line was anatomically fixed with headless cannulated screws.

Figure 6AP view of the knee which proximal part of fracture was fixed with cross Schanz pins and one K wire.

Figure 7Lateral view of the knee which proximal part of fracture was fixed with cross Schanz pins and one K wire.

Figure 8AP view of the tibia with Schanz pins which were used to fix the distal ring to the tibia.

Figure 9AP of the knee at the 1st postoperative day.

Figure 10Lateral view of the knee at the 1st postoperative day.

Figure 11AP view of the knee after the deformity was corrected at the 5th postoperative day.

Figure 12Lateral view of the knee after the deformity was corrected at the 5th postoperative day.

Figure 13AP view of the knee after the fixator was removed.

Figure 14Lateral view of the knee after the fixator was removed.

RESULTS
=======

The follow-up period was 12 months. Bone healing occured on average at the 11^th^ week (range, 10 to 12 weeks). No delayed union or nonunions were found. The average external fixation time was 75 days (range, 70 to 85 days). The clinical results were excellent in all patients according to Knee Society Criteria.[@B04] ([Figures 15](#f15){ref-type="fig"} and [16](#f16){ref-type="fig"}) The average knee flexion was 125° (range, 123° to 127°). In radiological evaluations, all three cases exhibited good results according to Resnic and Niwoyama[@B05]. ([Figures 17](#f17){ref-type="fig"} and [18](#f18){ref-type="fig"})

Figure 15AP clinical image of the knee at the 12th postoperative month.

Figure 16Lateral clinical image of the knee at the 12th postoperative month.

Figure 17AP view of the knee at the 12th postoperative month.

Figure 18Lateral view of the knee at the 12th postoperative month.

There was no residual proximal tibial deformity in any of three cases and we did not find any knee flexion contractures. One patient displayed anterior knee instability because of deficiency Anterior Cruciate Ligament (ACL) history, which was treated conservatively, and deep venous thrombosis developed in another patient, which was resolved by anticoagulant treatment. Pin track infection was observed in one patient which was treated satisfactorily by local wound care and oral antibiotics. The average hospital stay duration was 5 days.

DISCUSSION
==========

The aim of the treatment of tibial plateau fractures is to achieve pain-free, stable knee with full range-of-motion.[@B06] ^-^ [@B09] Various treatment methods were described in the literature and applied over time including closed reduction and cast application, skeletal traction, external fixators, open reduction and internal fixation, and arthroscopy assisted procedures.[@B02] ^,^ [@B07] ^,^ [@B09] ^-^ [@B13]

The displacement of the fracture fragments, step off on the articular surface, and instability are the main criteria for surgical indication.[@B03] ^,^ [@B09] ^,^ [@B14] The high failure rate of correction loss and varus deformity development, as a result of constructive treatment in especially medial joint surface, supports these criteria.[@B15] Both the displacement of bone fragments and any step off on the articular surface must be anatomically corrected. Even if the displacement is corrected, but there is a residual step off at the joint surface, this might result in post-traumatic arthritis in the future.[@B03] ^,^ [@B05] ^,^ [@B09] ^,^ [@B10]

Tibial plateau fractures occuring as a result of high-energy traumas are usually Schatzker types 5 or 6.[@B09] Infection, soft tissue problems and deep venous thrombosis are observed relatively often during the treatment of these types of fractures.[@B07] ^,^ [@B09] ^,^ [@B11] Preferably, meticulous soft tissue disection with least possible additional trauma must be carried out during surgical treatment.[@B09] In his study, Jiang *et al*.[@B16] compared double plating using Less Invasive Stabilization System (LISS) method and has reported that in proximal tibia fractures, malaligment and hardware irritations occur more frequently. Krupp *et al*.,[@B17] in their comparative study of external fixation and locking plate applications in the treatment of bicondyler tibial plateau fractures, reported that joint stiffness, complication rate and malunions are less observed when external fixation methods were used. Soft tissue problems (compartment syndrome, tissue closing problems, etc.) and the high rate of infection in internal stabilization methods, and the high probability of development of compartment syndrome in arthroscopy-assisted methods favor the more preferrable external fixation methods.[@B12] ^,^ [@B18] Since tourniquets are not used in surgical procedure, our method has less risk of neurapraxia, deep venous thrombosis and circulatory problems. Schatzker *et al*.[@B03] has suggested surgical treatment in all fractures causing joint instability, and has stated the importance of anatomic reduction and rigid internal fixation for healing of the cartilage at the fracture site. In this current technique, osteosynthesis was attained first by the reduction of the bone fragments forming the joint line as possible as an anatomic shape of the tibia and fixing them by cannulated screws so that the proximal part is converted into a piece with a level joint line. Rasmussen[@B14] has observed that in lower extremity tibia fractures osteoarhtritis and instability and angular deformity have a close relationship, and in angular deformities exceeding 10° osteoarthritis is higher. External fixation methods are used to correct angular deformities. Classic circular Ilizarov rings or six axis systems can be used, alternatively.[@B19]

Rozbruch *et al*.[@B19] has reported successful results with the six axis system in the treatment of tibial deformities. Manner *et al*.[@B20] has reported 90.7% versus 55.7% success rates with six axis system compared to Ilizarov ring fixators to best correct deformities. Because of the web based six axis system, better results and lower complication rates are obtained while correcting multiplanar deformities. Hexapod system is a preferred method enabling the correction of the deformities that could occur post-surgery or during the treatment of tibial plateau fractures. Therefore, we believe that using the six axis system compared with the classical external fixation methods will reduce the risk of malunion. Rigid stabilization and early joint mobilization are of paramount importance in the treatment of intra-articular fractures.[@B03] ^,^ [@B14] Joint motion is very important for cartilage nutrition, as it reduces the risk for development of osteoarthritis.[@B03] ^,^ [@B14] The largest barrier for initiating early motion is pain. Patients usually prefer keeping the area immobile to decrease pain. We applied epidural anaesthesia for pain control which was continued for five days, since the planning for correcting angulation was that long. Early range-of-motion painless exercises were, thus, started at the day of surgical procedure.

CONCLUSION
==========

Using this method, our early stage results were successful and there were no complications; however, it should be noted that, on long term follow up osteoarthritis may appear and cause deterioration of clinical results.

Study conducted at Acıbadem Maslak Hospital, Istanbul, Turkey.
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